The authors examined sustained attention performance and PTSD symptoms in a sample of 281 orphans and non-orphans who experienced the Sichuan Earthquake in China. They hypothesized that the orphans had a higher possibility to risk for PTSD than non-orphans, and the former also might even tend to be more impulsive, allergic which might affect their basic cognitive skillattention. The findings showed evidence of cognitive developmental stages, from vigilance to numbness and avoidance, in the continuous performance test (CPT) task by including pre-earthquake orphans. The post-earthquake orphans were still in a high level of vigilance and performed well in the CPT task when compared with the pre-earthquake orphans. The non-orphans with high possibility to risk for PTSD were the most concentrated and least impulsive. Given the potentially mutual relationship between sustained attention and posttraumatic stress disorder, careful consideration must be given to the treatment of traumatized children who present with PTSD symptoms. In accordance with practice guidelines, a duplex informant, duplex measure approach in the decision of educational plans for these children is strongly recommended.
tration, hypervigilance and enhanced startle response [9] .
Besides increasing risk for PTSD, many children who experience severe trauma also experience symptoms of attention deficit/hyperactivity disorder (ADHD), which is marked by a combination of extreme inattention, impulsivity, and hyperactivity [8] . Attention plays an important role in the development of children's basic cognitive skills. Sustained attention (sometimes also referred to as persistent attention) describes a fundamental component of attention characterized by the subject's readiness to detect rarely and unpredictably occurring signals over prolonged periods of time [10] . It is a key factor for many perceptual and cognitive activities to be completed successfully and efficiently. As early as in 1956, Rosvold and his colleagues [11] proposed: as a measurement of sustained attention, CPT (continuous performance test) was very sensitive for the brain damage and cognitive dysfunction. At present, CPT is the most widely used paradigm to measure sustained visual attention [12] . Generally, the CPT task requires participants to sustain their attention and alertness to low-frequency sensory signals, minimize distractibility to irrelevant stimuli over time. In clinical applications, CPT is also very sensitive for the response inhibition of the impulsion, often used in studies such as attention deficit, schizophrenia, and depression [13] [14] [15] . In current study, CPT was employed to evaluate the children's sustained attention performance in two symptoms, inattention and impulsivity/ Y. Wang et al.
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Because of overlap in the hyperactive-inattentive symptoms of sustained attention and the arousal symptoms of PTSD, some studies have found that PTSD had been associated with subjective complaints of poor concentration and memory [16] [17] [18] [19] . Vasterling et al. [20] found that Gulf War (GW) veterans diagnosed with PTSD showed more false errors in the CPT task compared with GW veterans without mental disorders. Therefore, the study found that the PTSD symptoms have a relative relationship with impairments in sustained attention. Vasterling et al. [21] repeated the results of the study in follow-up study fundamentally. Koso and Hansen [22] examined attention functions of 20 PTSD veterans from Bosnian with the SART task (Sustained Attention to Response Task). The results showed that, compared with the control group, veterans with PTSD was not inferior in the reaction speed in SART task, but the omission errors and false errors were significantly increased. Brandes et al. [23] investigated the association between cognitive impairment and early PTSD symptoms of the survivors within 10 days right after the traumatic event with the DF and DB tasks (Forward and Backward Digit Span Tasks), and found survivors with high levels of PTSD symptoms showed impaired attention. Husain et al. [24] supported that PTSD symptoms would mediate the relationship between trauma exposure and attention problems in a sample of 791 Sarajevan children exposed to the Bosnian war. Sims [25] found that children with clinical levels of hyperarousal and avoidance symptoms performed worse on tasks of sustained attention when compared to children without clinical levels of symptoms.
Our main concern was sustained attention performance in Sichuan preearthquake and post-earthquake orphans and non-orphaned children who had high or low possibility to risk for PTSD symptoms. The pre-earthquake orphans had lost their parents before Sichuan earthquake, and they could be a contrast group which would predict the future of earthquake orphans when they might experience some huge events. The current study was also to examine the prevalence of PTSD in the orphans and non-orphans. How was their sustained attention influenced by the earthquake? In this article we significantly investigated these children's psychological problems such as allergies and impulse which tended to be reflected in CPT task due to an earthquake and/or loss of their parents. These will help us to better guide and assist the earthquake children to re-enter into everyday life and normal learning courses as quickly as possible.
It's also very meaningful if we understand the relationship between sustained attention and PTSD symptoms. Based on this information, psychological and educational aid and intervention will be more practical for these children.
Methods

Subjects
Participants were children from Shandong Experimental School, where relocated and educated the children who lost their parent or family in the huge earth-Y. Wang et al.
4/14
OALib Journal quake. The school consists of an elementary school and a junior middle school.
All children were from grade 3 to grade 8. At the beginning of the test, the main instructor informed students of test contents, methods, processes, and time.
Students who didn't want to take the test could quit. In the test process, those who did not wish to continue might also exit. 
Measures
Continuous Performance Test CPT: The experimental material of CPT task was the number of 1 -9, which was the type of 1 → 9 [26] [27] . 540 numbers from 1 to 9 appeared randomly on the center of the screen at the rate of one per second, and digit presenting time was 200 ms, while controlling the ratio of 1 followed by 9 to be 0.1 (this could ensure the emergence of target at a low-frequency in line with the requirements of CPT task). Participants were asked to respond to 9 when it followed after 1 by pressing the space bar correctly and quickly. Test parameters in Table 1 were recorded and calculated to evaluate the CPT performance.
Children's Revised Impact of Event Scale CRIES [28] : the CRIES was a newly developed 13-item scale, adapted from the IES-8 [29] . It was widely used for PTSD screening with good reliability and validity, and easily operated and suitable for detecting a large sample of children who were at risk after disaster [30] .
Chinese version of CRIES was translated and revised to relate to the earthquake into Chinese by Zhu et al. [31] . It included 4 items measuring intrusion, 4 items 
Procedures
In CPT task which used VC language to prepare the experimental program, stimulate material displayed on 17-inch CRT with black words and white background, and the computer's refresh rate was 75 HZ. Before entering the formal experiment, the main instructor explained guidance and rules, and led the students to do some oral practice. The whole formal test lasted 12 minutes. The main instructors were assigned to psychological graduate students, with consistent instruction.
The CRIES was carried out by groups, and the main instructors were also assigned to psychological graduate students, with uniform survey methodology and guidance. One class as a unit, students independently filled in and returned the questionnaires at the scene.
Results
PTSD Symptoms
PTSD symptoms of three groups were in Table 2 . The multivariate analysis of variance (MANOVA) comparing scores on intrusion factor revealed significant differences between groups (F (2,280) = 3.54, P = 0.030). Then, using LSD method to do post hoc test, the results showed that on avoidance factor postearthquake orphans scored significantly higher (P = 0.047) and the pre-earthquake orphans scored marginal significantly higher than non-orphans (P = 0.056); on intrusion factor the pre-earthquake orphans scored significantly lower than post-earthquake orphans (P = 0.009). Based on the cutoff (IES score (intrusion + avoidance) ≥ 17 or <17), 46.0% post-earthquake orphans had a high possibility to risk for PTSD, while the percent of the pre-earthquake orphans 40.0%
and the percent of the non-orphans 30.4%. By 2 χ test, significant more post- Table 2 . PTSD symptoms of pre-earthquake and post-earthquake orphans and non-orphans and differences between groups. Table 3 . CPT parameters of pre-earthquake and post-earthquake orphans and non-orphans and differences in CPT performance between those who have high and low possibility to risk for PTSD of each group. 
CPT Performance
CPT performances of three groups were in Table 3 . Setting the group and high or low possibility to risk for PTSD as fixed variables, the two-factor MANOVA comparing scores revealed the interaction in sensitivity were marginal significant different (F (1,280) = 3.00, P = 0.051) when the cutoff of PTSD was 30.
Then the comparisons between each two groups were analyzed. Figure 1 illustrated the results of false alarm rate and sensitivity of three groups in CPT task.
The results of MANOVA of each two groups demonstrated that the interaction in false alarm rate between non-orphans and pre-earthquake orphans was significant different (F (1,193) = 4.54, P = 0.034) when the cutoff of PTSD was 17.
Also the interaction in false alarm rate between non-orphans and post-earthquake orphans was marginal significant different (F (1,155) = 3.33, P = 0.070).
Moreover, the interaction in sensitivity between pre-earthquake orphans and post-earthquake orphans was marginal significant different (F (1,211) = 3.71, P = 0.055) when the cutoff of PTSD was 30. Also the interaction in sensitivity between pre-earthquake orphans and non-orphans was significant different (F When PTSD was grouped by 17, the results of MANOVA of each group (see Table 3 ) showed that for the pre-earthquake orphans, the response bias of those who had a high possibility to risk for PTSD was significant larger than those who had a low possibility (F (1,124) = 3.97, P = 0.048); For the non-orphans group, the false alarm rate and sensitivity of those who had a high possibility to risk for PTSD was significant smaller than those who had a low possibility (F (1,68) = 5.18, P = 0.026; F (1,68) = 4.17, P = 0.045); For the post-earthquake orphans group, the results was found no significant differences between those who had high and low possibility to risk for PTSD. Table 4 displayed correlation analysis between three groups' CPT performance and PTSD symptoms. For the pre-earthquake orphans, the intrusion factor of CRIES had significant positive correlation with the reaction time and sensitivity in the CPT task, and the arousing factor had significant positive correlation with sensitivity and response bias. The intrusion factor also had marginal significant positive correlation with false alarm rate and response bias, and arousing factor also had a marginal significant positive correlation with false alarm rate. For the post-earthquake orphans, the avoiding factor had marginal significant negative correlation with reaction time and response bias in the CPT task. For the nonorphans, the intrusion factor had significant negative correlation with false alarm rate and sensitivity.
CPT Performance in Relation to PTSD Symptoms
Y. Wang et al.
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Discussion
This study showed that the pre-earthquake and post-earthquake orphans had more avoidance response than the non-orphans group. When the cutoff of IES-8 was 17, significant more post-earthquake orphans had a high possibility to risk for PTSD. The results supported that orphans had a greater likelihood of suffering from PTSD [4] [7] . Children reported the highest levels of social support from their parents [6] . After experiencing a great catastrophic event, orphans who had lost support and safely comfort from parents easily had more psychological problems, such as suffering from PTSD and so on. However, Goenjian et al. [3] found that loss of both parents and, to a lesser degree, loss of a father was not a significant risk factor for PTSD. Possibly different with current study carried out half of a year after the earthquake, orphans had changed their PTSD symptoms 6½ years after the 1988 Spitak earthquake. Chen et al. [32] investigated PTSD symptoms in children one year and two years after Taiwan 9.21 earthquake and found that PTSD symptoms had different performances at different stages, and the overall situation was toward a positive direction over time, with a weakening trend but not much decline in avoidance and re-experience. On the other hand, from comparison results between the post-earthquake and preearthquake orphans, the latter already had significant less intrusion experience than the former, and there was no significant difference between pre-earthquake orphans and non-orphans. Moreover, in avoidance response there was no difference between post-earthquake orphans and pre-earthquake orphans.
Taken into account pre-earthquake orphans who had become orphans before Y. Wang et al.
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OALib Journal the earthquake, they had gone through a period of mental struggle, and became less sensitive to the traumatic events and emotional paralysis, so took the reaction of avoidance as self-defense. Accordingly, the post-earthquake orphans were still in the early stages of reaction to traumatic events, and they performed more intrusion experience, and also adopted evasive response as self-defense.
Compared the results of the CPT task between those who had high and low possibility to risk for PTSD, for the pre-earthquake orphans, those who had a high possibility to risk for PTSD are more inclined to impulse since they tended to a significant greater extent of response bias than those with a low possibility.
For the non-orphans, children who had a high possibility to risk for PTSD had significantly lower false alarm rate and sensitivity than those who had a low possibility, which was in contrast to the results of previous studies [20] [22] [33] .
The reason might be the veterans received the test long time after the trauma and in the current study children were still in much higher vigilance state only six months after the earthquake. Moreover, these results from adults were not easily spread and comparable to the study of children. From the results of comparison between two groups in sensitivity and false alarm rate, the non-orphans with a high possibility to risk for PTSD showed a better concentration level than the pre-earthquake orphans. For the post-earthquake orphans, although there were no significant differences between orphans with high and low possibility to risk for PTSD, the results reflected the former's reaction time than the latter's was relatively shorter and response bias even less. There was a trend the postearthquake orphans with high possibility to risk for PTSD were less impulsive and more concentrated than those with low possibility. From the comparisons between post-earthquake and pre-earthquake orphans in sensitivity, and between the former and non-orphans in false alarm rate, the results displayed that the pre-earthquake orphans with high possibility to risk for PTSD were more inattention than post-earthquake orphans with high possibility, and the latter were more impulsive than non-orphans with high possibility. To sum up, unlike the pre-earthquake orphans whose vigilance became weak after a long time, the post-earthquake orphans who went through a huge natural disaster 6 months ago, lost the most pro-parents, a larger psychological shock, were still in a state of nervous tension and therefore their concentration (alert) levels were relatively high, and show relatively less impulsivity. The non-orphans with high possibility to risk for PTSD were the most concentrated and least impulsive.
This study also did correlation analysis of three groups between CPT performance and PTSD symptoms. For the pre-earthquake orphans, those who experienced more intrusion and high arousing performance were more impulsive and sensitive in CPT task. For the post-earthquake orphans, those who showed more avoidance to the earthquake event completed the CPT tasks with a quicker reaction speed and higher level of concentration (alert). For the non-orphans, those who experienced more intrusion were less impulsive. Contrary to the non-orphans and post-earthquake orphans, pre-earthquake orphans had positive relationship between PTSD symptoms and the level of impulsivity, which Y. Wang et al.
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OALib Journal was consistent with the results of previous research [23] [24] . This point was also consistent with the results discussed above. Probably the reason is that postearthquake orphans and non-orphans still needed a long time to adjust to the seismic events, and six months after the earthquake (test time) they were still in a sensitive and alert state, especially for those with a high possibility to risk for PTSD.
These results might prompt us, at the beginning stage, the earthquake PTSD orphans who were impacted by earthquake and had been hit hard in psychology, were more sensitive and alert. First of all, under the premise of ensuring the correct rate they performed a faster reaction speed; then further on, until transferred to judge impulsively, they had higher response bias and false alarm rate and became impulsive, lack of patience. This method of cognitive-behavioral experiment to detect the earthquake orphans' cognitive behavior-attention and post-traumatic stress disorder, it might reveal the earthquake PTSD orphans' developmental stage of cognitive behavior, and provided important theoretical support and guidance to establish effective prevention and treatment of children with PTSD. However, there were still two limitations in this study. Firstly, the pre-earthquake orphans hadn't been controlled completely on their demography materials considering to the sample size. They might lose their parents for many different reasons and for different lasting periods. Secondly, only CRIES was used to measure PTSD symptoms and authors had to make any conclusion very carefully. In the future the follow-up study will help to further reveal the PTSD earthquake orphans' developmental stage of cognitive behavior. It was worth noting that by including pretrauma measures. Parslow and Jorm [34] concluded that the poorer performance on some neurocognitive tests (word recall, digit span, coding speed, and vocabulary) might be a vulnerability factor for developing symptoms of PTSD, not only an outcome of PTSD symptoms. The relationship between PTSD and sustain attention problems would be a valuable and important issue, and including pretrauma measures would be crucial. On the other hand, Marsac et al. [35] explored the association between children's coping, coping assistance and acute stress reactions following an injury. They found child coping was associated with parent and peer coping assistance strategies, and suggested that children's acute stress reactions may influence their selection of coping and coping assistance strategies. Park, Nam and Bae [36] examined the association between psychological trauma, parenting attitude, and ADHD symptoms in Korean children and suggested a parenting influence on the association between exposure to psychological trauma and the severity of ADHD symptoms in children. Further studies about children's recovery from trauma are warranted.
Conclusions and Contribution
The orphans before the earthquake experienced another major traumatic event.
There were different situations. After the trauma, the good ones were more resistant, less impulsive and those who grew badly after trauma caused greater Y. Wang et al.
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OALib Journal reactions, and became more sensitive. This suggests that, for earthquake orphans who experienced traumatic events in the first time, to help them recover to the level of mental health better and faster, will help them be better in the face of a traumatic event that may occur later in their life.
First, previous studies have paid more attention to the self-esteem, self-awareness, personality and mental health status of the orphans after the earthquake.
However, there are few researches on the orphans after the earthquake in the perspective of cognitive. Our study is the first to investigate the relationship between sustained attention and PTSD symptoms of the orphans in Wenchuan Earthquake, which is a useful complement to the study of Chinese earthquake children. Second, the findings show evidence of cognitive developmental stages, from vigilance to numbness and avoidance, in the continuous performance test (CPT) task by including pre-earthquake orphans. These findings will remind our social assistance system to pay more attention to orphans in traumatic events.
